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Preface
Whether one is a renewable energy advocate who does not know much about farming, or 
a sustainable agriculture advocate who does not closely follow global warming, we 
all share a common interest in carbon sequestration. This paper addresses carbon 
sequestration on agricultural lands.
Policies are converging on a set of agriculture conservation practices that could make a 
significant contribution to the slowing of global warming — and at the same time bring soil
and water benefits to the land.
This report is intended to demystify what agricultural carbon sequestration can and 
cannot achieve, and to encourage participation in the debate about policy options related 
to agriculture. 
Introduction
Global warming is sometimes called the most important environmental issue of the twenty
first century. There is a consensus among mainstream scientists that global warming is 
occurring and is primarily the result of human-generated greenhouse gas emissions.8
Documented changes in the Earth’s temperature and climate are clear and 
compelling. The mean surface temperature of the Earth has risen one degree
Fahrenheit in the last century, the polar ice caps are melting, sea levels are rising,
and plant and animal ranges are shifting. Scientists agree that while local impacts
will vary, global temperatures are already increasing and this will have a 
profound impact on weather patterns — increasing annual precipitation and the
frequency of more extreme precipitation events.14 These impacts will include
droughts, floods, heat waves, windstorms, and avalanches.8 Some research 
indicates that droughts, storms, and floods are already increasing in frequency
and severity in some areas.12 These changes will affect important industries in 
the United States including agriculture, forestry, fisheries, and water resources.
Agriculture is particularly vulnerable to weather extremes brought on by 
global warming.
The agricultural sector is considered to be the source of seven percent of total U.S.
emissions of global warming pollution.4 Although not among the largest sources
of global warming pollutants, the agricultural sector could help reduce net U.S.
emissions of global warming pollution through an array of conservation manage-
ment practices that capture carbon from the air and store it in the soil. Agriculture has the
capacity to offset fifteen percent of total U.S. carbon dioxide pollution through carbon 
sequestration.9 These conservation practices also benefit farmers and the environment 
because they are typically the same practices that improve and maintain soil quality, reduce
surface and groundwater pollution, and improve the overall sustainability of the land.
While the agriculture sector alone cannot stabilize the climate, it can play an important role in
buying time for the other major producers of carbon dioxide pollution — especially the energy
and transportation sectors — to make the necessary political, social, environmental, and 
economic changes to reduce their emissions.  
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A mix of trees and grasses
establishes a permanent 
buffer of perennial cover
between fields.
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This paper is intended to engage those interested in global warming — from the energy, envi-
ronment and agriculture movements — to understand the issues and to support appropriate
policy to assist agriculture in helping reduce the magnitude of global warming. 
Q: What is global warming?  
The earth’s atmosphere regulates the temperature and climate we experience every day. 
Some of the atmospheric gases reflect the heat from the sun back into space, and some 
gases trap it on earth. This is the greenhouse effect. The balance has created a climate suitable
for human survival. While natural variations in the release and capture of gases do exist, 
creating long-term climate variation, human-driven changes have severely changed the 
balance in recent decades, increasing the surface tem-
perature of the earth and increasing the frequency and
intensity of severe weather.12
Q: What are the greenhouse gases? Why is 
carbon dioxide of particular interest?  
About half of the global warming effect is caused 
by carbon dioxide. The other half comes from other 
pollution including methane, nitrous oxide, chlorofluo-
rocarbons, hydrofluorocarbons, and perfluorocarbons.3
The industrial age has been fueled with coal and oil.
This has resulted in emissions of carbon dioxide 
and other global warming pollutants that are largely
responsible for global warming. 
Q: What are the sources of human-driven greenhouse gas emissions in the U.S.? 
U.S. Greenhouse Gas Pollution by Economic Sector
ECONOMIC SECTOR PERCENTAGE
(carbon equivalents) 
Electricity 33%
Transportation 27%
Industry 19%
Agriculture 7%
Commercial 7%
Residential   6%
US Territories 1%
Total 100%
SOURCE: “U.S. Emissions Inventory 2005: Inventory of U.S. 
Greenhouse Gas Emissions and Sinks 1990–2003.” 
Environmental Protection Agency. April 2005.
Prescribed grazing is a 
management tool of 
permanent pasture that 
can aid in carbon capture. 
Q: How does agriculture contribute to carbon dioxide pollution?
Agricultural greenhouse gas emissions include carbon dioxide from soil management 
practices, land clearing for agriculture, field burning of farm residues; fossil fuel combustion
from farm equipment; methane from normal livestock digestive processes (from ruminants);
and rice cultivation. The primary emissions from states in the upper Midwest, such as Iowa,
Wisconsin, and Minnesota, include soil management practices, methane emissions from 
livestock, and fossil fuel combustion from farm equipment. 
Agriculture contributes about seven percent of total greenhouse gas emissions, primarily
methane (CH4) from livestock and nitrous oxide (N2O) from fertilizer.4 Note that the 
manufacturing of fertilizers, pesticides, and energy inputs used on farms are not included 
in this breakdown of emissions. Emissions from these activities are included in the industry
sector and electricity sector respectively. If these emissions were included in the agriculture
sector, it would raise the total emissions from the agriculture sector to about nine percent of
the total U.S. emissions.
Q: What is the relationship between carbon sequestration and 
agricultural systems?
Carbon sequestration involves incorporating carbon dioxide via photosynthesis into vegeta-
tive matter, which later decomposes, adding carbon compounds and nutrients to the soil.
Organisms within the soil profile may utilize carbon and hold it in the soil.
Practices that increase the capture and storage of carbon in soil on agricultural lands may  
provide greater potential for capturing carbon than conventional practices. Conventional 
practices consist of a corn and soybean rotation, with fall tillage using a chisel plow in 
combination with a tandem disk.1 This is the dominant style of farm management in the
Midwest. The following chart explains other practices that can better contribute to carbon
capture in the soil.
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A chisel plow turns thirty 
percent of the previous year’s
residue to prepare for direct
seeding in the spring, which
reduces soil disturbance 
compared to conventional 
tillage practices. 
Strips of alfalfa woven in
between rows in a corn field
establishes a contour buffer 
and adds perennials to the 
landscape. 
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Best Management Practices for Carbon Capture
CONSERVATION PRACTICE DESCRIPTION
Permanent Pastureland Land managed primarily for the production of introduced forage plants. Pastureland cover 
many consist of a single species, a grass mixture, or a grass-legume mixture. Management 
usually consists of cultural treatments, such as fertilizations, weed control, reseeding, or 
renovation, and prescribed grazing. 
Residue Management Managing the amount, orientation, and distribution of crop and other plant residues on the 
soil surface year-round while growing crops. Limiting the soil-disturbing activities to place 
nutrients, condition residue, and plant crops, only when necessary. Weeds are controlled 
primarily with herbicides. Row cultivation for emergency weed control utilizes undercutting
implements that minimize residue burial. 
Residue Management The soil is left undisturbed from harvest to planting, except for nutrient injection. 
No Till
Residue Management Growing crops in narrow slots, or tilled or residue-free strips in soil  
Strip Till previously untilled.
Residue Management Seeds are placed in a narrow seedbed or slot made by coulter(s), row cleaners, 
Direct Seeding disk openers, in-row chisels, or Rototillers, where no more than one-third of the row  
width is disturbed. 
Residue Management Limit the soil-disturbing activities used to grow crops in systems where the entire field 
Mulch Till surface is tilled prior to planting.
Residue Management Managing the amount, orientation, and distribution of crop and other plant residues on the
Ridge Till soil surface year-round while growing crops on pre-formed ridges alternated with furrows 
protected by crop residue.
Cover Crops Grasses, legumes, forbes, or other herbaceous plants established for seasonal cover and 
conservation purposes. Examples include erosion control, nutrient cycling, carbon addition, 
wildlife habitat, and moisture regulation.
Crop Rotations Alternating crops in a planned sequence to provide diversity and crop residue needed for 
erosion control, soil conditioning, and pest management purposes.
Converting Land to Converting land to wetland that was traditionally non-wetland. To restore a wetland is to
Wetlands or Wetland rehabilitate a degraded wetland or the reestablishment of a wetland so that soils, hydrology, 
Restoration vegetative community, and habitat are a close approximation of the original natural condition 
that existed prior to modification to the extent practicable.
table continues at top of next page
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Best Management Practices for Carbon Capture
CONSERVATION PRACTICE DESCRIPTION
Nutrient Management Accounts for the amount, source, timing, and method of applying nutrients to a growing crop.  
Regular soil testing, which estimates the availability of nutrients to plants, is necessary to 
monitor the balance of phosphorus, potassium, and other nutrients over the crop rotations. 
Plant tissue analysis complements soil testing by measuring the nutrients actually taken up 
the plant.
Pest Management Using environmentally sensitive prevention, avoidance, monitoring, and suppression 
strategies to manage weeds, insects, diseases, animals, and other organisms (including 
invasive and non-invasive species) that directly or indirectly cause damage or annoyance.  
A pest management plan can include: rate, method, timing, risk assessment, integrated pest 
management, appropriate mitigation, and recordkeeping. 
Wind Breaks Linear plantings of single or multiple rows of trees or shrubs or sets of linear plantings. 
Strip Cropping Growing row crops, forages, small grains, or fallow in a systematic arrangement or equal 
width strips across a field. 
Installing Permanently Permanent strips of stiff, dense vegetation along the general contour of slopes or across 
Vegetated Conservation concentrated flow areas.
Buffers
Contour Buffer Strips Narrow strips or permanent, herbaceous vegetative cover established across the slope and 
alternated down the slope with parallel, wider crop strips.  
SOURCE: Natural Resources Conservation Service, National Handbook of Conservation Standards.   
Each of these practices increases plant or plant residue cover, naturally increasing the
potential for carbon capture through photosynthesis, and reducing the potential of release
of carbon from bare or disturbed soil. Greater biodiversity brings increased carbon cycling
potential to the soil, including earthworms, nematodes, bacteria, fungi, and algae. Farmers
refer to this process as building up the organic matter and increasing the tilth of their 
soil. Soil quality on agricultural lands using conservation management is often better than
soil quality on lands managed with conventional practices. Better soil quality leads to
increasing water retention, reducing drought risk, reducing erosion, improving fertility,
and protecting water quality.
Q: Why are conventional practices less effective at capturing carbon?
Conventional cropping practices for row crops including corn, soybeans, and wheat often
leave the soil bare for up to nine months of the year, remove plant residues, and stir up
the soil frequently. The conventional farming system can result in net release of carbon
from the soil to the atmosphere. Researchers at the University of Minnesota, Department
of Soil, Water, and Climate discovered a greater loss in carbon from a conventional
(chisel/disk) tillage system than from a conservation (strip-till) system between fall tillage
Previous year’s crop residue
forms ridges for soybean plants,
increasing soil carbon capture. 
and the onset of winter.1 Additionally, greater tillage intensity creates greater potential for soil
erosion and water runoff. Erosion adversely affects soil dynamics. As soil is carried away by
water or wind, new layers of soil are exposed, which reduces the amount of organic matter in
the soil by releasing soil carbon into the atmosphere in the form of carbon
dioxide. Whether through tillage or erosion, this disruption exposes soil
carbon which was once stored within soil aggregates, thus increasing the
potential for carbon release.
Q: Is soil carbon sequestration permanent?
If soil is left undisturbed, carbon will remain stored (or sequestered) with-
in the soil organic matter. However, accumulated organic matter is easily
lost. Tilling the land even once will release much of the stored soil carbon.
Lands that are not prone to erosion can attain stable levels of soil organic
carbon in 30–50 years.9 Land that is subject to erosion declines in soil
organic carbon over time. Soil organic carbon can be quickly lost when
switching from conservation tillage (including no-till practices that mini-
mize stirring and exposure of the soil) to conventional tillage practices
(including moldboard plowing that maximizes exposure of the soil.)
Intensive tillage breaks up soil particles while increasing soil exposure to
the air, and increases temperature and moisture fluctuations. Greater soil
exposure increases the potential for erosion and release of carbon dioxide
from the stored organic carbon.
Q: How do you measure carbon sequestration on agricultural lands?
Carbon dioxide emissions from individual actions are difficult to observe or measure, and
emissions from non-point sources, such as land-based management practices, are extremely
difficult to document. All soil contains some carbon and there is natural variability in soil 
carbon content within a given area. Therefore, the process of measuring soil carbon content 
at individual sites is difficult and time consuming. The measuring process requires sampling
at a variety of locations on the land at different times of the year. After several years, the sites
must be re-sampled to determine if carbon is being stored or lost, usually looking at trends 
not absolute values.  
The amount of carbon stored depends on a number of variables, which include: land manage-
ment practices, climate, soil temperature, soil type, microbial activity, and cropping systems.
All these variables must be taken into account when determining how much carbon is being
sequestered for any particular site. Given the number of variables, it is difficult to determine
exact levels of carbon sequestration without measuring soil carbon in the particular area. 
While exact measurement is difficult, it is possible to predict or model the variables affecting
the amount of carbon being sequestered. Representative sampling experiments are helping 
to create models. Models help to build the knowledge base of total carbon dioxide emissions
from individual actions and stationary sources. Similar models are used to determine how
pollution affects water quality. These models allow for different variables necessary for 
estimating the levels of carbon stored or lost given certain land management practices.
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Strip cropping comprised of
corn and alfafa alternate in equal
width strips across a field, 
balacing perennial cover with
cropping systems. 
In addition to increasing carbon sequestration in plants and soil, some conservation practices
also reduce the amount of carbon emitted into the atmosphere because of reduced fossil 
fuel use in tractors and reduced chemical applications. These must be calculated into the equa-
tion when determining net effects the agricultural industry can have in offsetting carbon diox-
ide emissions.
In short, both direct measurement and site-specific modeling of carbon sequestration are 
difficult.  In practice, policies that promote carbon capture will likely focus on specific farming
practices that are thought to have beneficial outcomes, and not on observed or predicted site
specific measurements.
Q: Do farmers have to do something special to capture and store carbon?
In many cases, farmers already use sustainable farming systems and conservation practices
that prevent or reduce soil erosion, build soil organic matter, and protect nearby bodies of
water. These practices are often identical to the practices that sequester atmospheric carbon.
These practices also reduce fertilizer application needs in the long term. On the other hand,
most farmland is under conventional management and will have to incorporate both new
practices and new farming systems in order to effectively capture carbon.  
Q: What are the recommended management practices for capturing carbon?
The best results come from conversion of row
crop land to permanent cover such as managed
pasture, or grass and tree establishment on 
set-aside lands such as in the Conservation
Reserve Program or Wetlands Reserve. All 
conservation practices that convert some land to
permanent cover also help, such as wide buffer
strips along waterways, wildlife habitat, and
windbreaks. The next best outcome is from 
crop rotations that incorporate several years of
perennial plant cover such as hay in a long-term
rotation. For annual crops, no-till is the best form
of conservation tillage, because it leaves the max-
imum amount of plant residue on the surface,
with the next year’s crop seeded directly into 
the residue. Other forms of conservation tillage
that stir the soil a modest amount may be good for controlling erosion, but their contribution 
to carbon sequestration is still under study. Reducing or eliminating summer fallow, eliminat-
ing burning of crop residue, and applying manure are other good practices. The most effective
management systems incorporate several of the recommended management practices.  
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A restored wetland provides
wildlife habitat and vegetative
community for the farm, while
increasing carbon capture ability. 
Q: Which conservation practices are best at sequestering carbon?
It is difficult to quantify the carbon sequestration potential of the various conservation 
practices. However, it is clear that the less disruption of the soil the greater the potential of
preventing carbon emissions from the soil. Furthermore, lands with greater vegetative cover
tend to capture greater levels of carbon. Therefore, permanent vegetative cover, no-till, and
rotational grazing management practices appear to capture and store the greatest levels of 
carbon while emitting the lowest levels of carbon.
Q: If recommended conservation practices were used everywhere, what is the
total potential of carbon sequestration on agricultural land?
Most of the current carbon capture is attributable to land currently in pasture, rangeland, and
the Conservation Reserve Program; use of conservation tillage; reduction of summer fallow
intensity; and application of manure.  
If best management practices were used on all U.S. farmland, agricultural soils could capture
eighteen times more carbon dioxide than they do currently.9
If implemented in on all U.S. farmland, these practices could potentially offset fifteen percent
of the total carbon dioxide emissions in the United States.9
The total carbon sequestration potential of soils in the United States which could result from
full adoption of conservation practices is accounted for by the following land uses: 
25% from cropped lands (no-till management)
22% from forestland (proper forest management including prescribed burns)
17% from land conversion (from crop land to grazing lands or forestland)
15% from land restoration (from farmland to native vegetative cover)
14% from grazing land (proper rotational grazing practices preventing overgrazing)
7% other land uses9
Q: Why does the agricultural sector have an interest in practices that will
decrease the levels of carbon in the atmosphere?
Soil organic carbon has a direct and immediate benefit to farmers, in that greater levels of 
soil organic carbon mean greater soil quality. Soil quality refers to soil’s biomass productivity,
its soil structure, and its capacity to moderate environmental changes (for instance, regulating
the water content and temperature). Better soil quality provides protection for land and water
from the intensified rain events that global warming itself is likely to bring about. Soil organic
carbon is also important in cycling important crop nutrients such as nitrogen, phosphorus, 
sulfur, and zinc. With greater levels of nutrients, soils can maintain greater levels of soil 
fertility, which leads to increases in water infiltration and root growth that in turn leads to
increases in crop yields. Therefore the agricultural sector has an interest in using practices that
help to maintain high levels of soil organic carbon to improve current and future productivity
of the land.
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Q: Why should policy makers look
at the agricultural sector when
dealing with global warming?
Some might argue that the agricultural
sector does not need to take steps yet 
to mitigate global warming because 
it is a relatively small contributor to 
the problem. However, agriculture 
can benefit from a part of the solution 
in many ways. Renewable energy from
crops, agricultural residue, and the 
wind is already new income to the 
farm. Carbon sequestration is one 
more opportunity to benefit from 
helping to solve the global warming
problem. In addition, the agriculture 
sector has its own stake in reducing
global warming, because of its vulnera-
bility to storms, droughts, floods, and
other extreme weather.
The biggest reason policy makers are
looking to agriculture for carbon sequestration is that it could provide the additional time for
other industries to make the necessary economic, political, social, and techno-logical changes
to further mitigate global warming. Furthermore, these changes within the agriculture sector
provide additional proven benefits, such as prevention of water pollution. Therefore, since the
agriculture sector has the ability to take the necessary measures to help sequester carbon now,
and since there are a number of other benefits associated with these changes, the agricultural
sector is a key player in the global warming solution.  
Conclusion
Global warming is increasingly a worldwide concern. Changes in the climate have already
and will continue to affect the environment, our quality of life, and agricultural productivity.
The agricultural sector has a vested interest in finding ways to slow global warming.  Research
suggests that by implementing conservation practices that help to enhance farm 
productivity and improve soil and water quality, the sector can play an important role in 
helping to reduce emissions and sequester carbon. While the agricultural sector alone cannot
stop global warming, agricultural carbon sequestration can provide extra time for the other
sectors to make the necessary political, technological, social, and environmental changes to
reduce carbon dioxide and other global warming pollution.  
Policy Options
1. Federal Conservation Programs
Policy makers could promote carbon sequestration by farmers using a number of approaches.
Several existing programs already help promote conservation practices, and these could be
modified or increased to help reduce emissions of global warming pollutants and increase 
carbon capture through soil sequestration. These agricultural programs help reduce farmers’
risks and costs associated with making the land management changes suggested to help stop
or slow global warming.
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Regular soil testing determines
appropriate nutrient application
rates, which will hold more soil
in place. 
Conservation Security Program: 
Currently: This new integrated conservation program was passed in the 2002 farm bill and
implementation began on a small scale in 2004. It expanded to 220 watersheds in 2005, with
the intent that all farmers will eventually be eligible. The program offers financial rewards to
farmers who agree to implement conservation practices that solve resource problems, with the
highest payments going to the best conservationists. A number of preferences and payments
are offered for practices that increase soil organic matter and reduce soil disturbance, with the
dual environmental benefits of reducing erosion and increasing carbon capture. In addition, it
rewards fuel conservation and renewable energy production. 
Recommendations for the future: This program should be fully funded as intended by the
law, so that all farmers are eligible, not just selected watersheds or limited enrollment periods.
Rules and payment rates should be evaluated to maximize incentives for the most effective
carbon capture conservation practices.
Conservation Reserve Program:  
Currently: A voluntary program that 
provides annual rental payments and 
cost-share assistance to farmers on some 
35 million acres where they agree to 
establish long-term, resource conserving
plantings on environmentally sensitive
land to improve water quality, control 
soil erosion, and enhance wildlife habitat.
Permanent vegetative cover promotes 
carbon capture and storage within the soil.
Recommendations for the future: This
program should be extended to allow 
managed activity on land to increase 
vegetation and carbon capture. Minimal
activity such as rotational grazing, for example, can help the natural biological process of
growth, decay, and re-growth, and in some cases increase the level of vegetative cover on 
the land. Greater vegetative cover allows for greater carbon capture levels, which ultimately
leads to greater levels of soil carbon.
Conservation Reserve Enhancement Program:
Currently: A voluntary program for agricultural landowners that pays farmers annual 
rental payments for installing specific conservation practices, in the context of a state-designed
and supported plan. The Conservation Reserve Enhancement Program is a state and federal
partnership that provides farmers payments for installing specific pre-determined conserva-
tion practices, usually in targeted areas to achieve specific resource goals. Such practices
include the establishment of long-term, resource-conserving covers on environmentally 
sensitive lands.
Recommendations for the future: This program, like the Conservation Reserve Program
(CRP) above, should also consider management activities to enhance carbon sequestration.
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A crop rotation of soybeans
planted on top of last year’s
residue. Planting on top of last
year’s residue limits soil 
disturbance and holds more 
carbon in the soil. 
Environmental Quality Incentives Program:  
Currently: This program offers farmers contracts
that provide cost-share payments and technical assis-
tance to implement conservation practices on work-
ing farm land. Practices eligible for payment within
this program include rotational grazing, nutrient
management, manure management, integrated pest
management, and wildlife habitat management.
Funding was greatly increased in the 2002 farm bill.
Recommendations for the future: This program
should be extended to include payments for perma-
nent implementation of conservation practices. The
greatest carbon sequestration benefits occur when
the conservation practices become permanent.  
Wetland Reserve Program:  
Currently: A voluntary program that provides technical and financial incentives to land-
owners who restore wetlands, wildlife habitat, soil, water, and other wetland related natural
resource concerns on their land in an environmentally beneficial and cost-effective manner. 
Recommendations for the future: This program should recognize the carbon sequestration
benefits associated with protecting wetland areas.  
2. Minnesota Conservation Programs
Reinvest in Minnesota: 
Currently: Through financial incentives this program attempts to protect and improve water
quality by encouraging landowners to retire environmentally sensitive lands from agricultural
production. Practices receiving payment include restoration of land to grass, trees, or wet-
lands.  This program helps to reduce soil erosion, protect fish and wildlife habitat, provide
flood control, and aid in carbon sequestration. 
Recommendations for the future: This program should provide added benefits when the
restoration process is done in such a way to receive the greatest environmental benefit includ-
ing carbon sequestration. Such activities could include planting of native plants, planting a
variety of plants, and allowing some managed activity on the land to increase biomass.
3. Federal Farm Bill 2007 
Current farm policy emphasizes subsidies for farmers who grow commodity crops such 
as corn and soybeans. However, such subsidies tend to promote the very agricultural 
practices that store the least carbon. If commodity subsidy policy that ties payments to 
what or how much is produced were replaced by green payments that tie payments to the
environmental services produced by the farm, societal benefits could be specified to include 
carbon sequestration.  
Instead of targeting only the 40% of farmers who grow favored commodities — corn, soy-
beans, wheat, cotton, or rice — green payments would be for all farmers. Like commodity
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Regular soil testing determines
appropriate nutrient application
rates, which will may reduce 
fertilizer use or improve 
plant growth.
subsidies, green payments would provide real income that contributes to the bottom line prof-
itability of the farm. It would be an entitlement in the sense that all who meet the conservation
standards of the program would be entitled to the payments, just as all who qualify for com-
modity payments are entitled to receive them. In contrast to conservation programs where
most money is now spent retiring sensitive lands from production, green payments would
reward conservation activities integrated with production on working lands. In contrast to
other conservation programs that pay for
individual practices, green payments
would reward farming systems that use
management to bring about a constella-
tion of environmental benefits. The next
farm bill could potentially reduce the risk
or perceived risk associated with such
conservation practices, thus increasing
landowner use of practices that maximize
carbon capture.
4. Federal Energy Programs
The agriculture sector provides opportu-
nities for cleaner energy initiatives. Wind
energy, corn-based ethanol, and soy-
based biodiesel are current priorities.
Biomass energy is another potential 
clean energy alternative; however, it is
important that selected crops and their
cultivation include carbon sequestration benefits, such as perennial grasses or resource con-
serving crop rotations and no-till, so that biomass energy would truly be an environmentally
sound energy alternative. 
5. Carbon Trading Markets
Trial carbon trading markets currently exist such as the Chicago Climate Exchange. If and
when these markets become mainstream, farmers using conservation practices will be ready to
be active participants in the trading market by selling their “carbon credits” to others. The
greatest benefit of including the agriculture sector in the carbon trading markets is that it has
the potential for reducing its emissions, and can capture and store carbon through the use of
conservation practices. However, there is still uncertainty surrounding the use of carbon 
stored in the soil in the carbon trading system. These uncertainties include holding farmers
accountable for their land management practices and determining the levels of carbon 
stored given all the variables affecting carbon capture and storage. Farmers are already held
accountable for long-term easements, so broadening the accountability to other conservation
practices may not be difficult. Development of field-level monitoring tools to easily measure
aspects of soil quality, especially soil carbon, would contribute greatly to progress in any 
trading scheme. Several models already exist that estimate carbon storage levels. These 
models use variables such as climatic regions, soil type, tillage practices, and types of crops.
While these models are useful in determining levels of carbon sequestration, it is still difficult
to know exact levels, and thus ranges may be more applicable than exact carbon levels for
trading purposes.
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Corn planting over a rye cover
crop is combined with no-till
residue management, an optimal
system for soil carbon capture. 
6.  McCain-Liebermain Climate Stewardship Act (CSA)
The McCain-Lieberman Climate Stewardship Act (CSA) would bring U.S. levels of global
warming emissions to year 2000 levels by the year 2010, in part by establishing a market-
based emissions trading program to keep reduction costs low and achievable.11 The affected
sectors would be electricity generation, transportation, industrial, and commercial, which
account for approximately 85% of the overall U.S. greenhouse gas emissions in the year 
2000; agriculture and residential sectors would be excluded from reaching greenhouse gas 
limits.13 Although agriculture is excluded from having to meet year 2000 greenhouse gas 
levels in the proposed legislation, there is great potential for agriculture to benefit by seques-
trating carbon for affected industries through a credit-trading 
program. At publication this legislation has yet to pass either the
U.S. Senate or the House of Representatives. 
7. State Action Plans for Mitigating Global 
Warming Emissions
Action plans for mitigating greenhouse gas emissions help states
identify and evaluate feasible and effective policies to reduce global
warming emissions through a combination of public and private
sector policies and programs. As of May 2004, 28 states and Puerto
Rico have completed voluntary state action plans. By taking a
proactive approach to planning global warming emission reduc-
tions, states can lower their emissions, reduce their energy costs,
protect air quality and public health, and improve the economy
and environment. Examples of global warming pollution mitiga-
tion policies include: home energy rating system, energy efficiency
audits, energy efficient mortgage programs, model energy codes,
tax incentives for fuel switching cogeneration, renewable portfolio
standards, emissions trading, methane reclamation programs, 
recycling programs, state alternative fuel fleets, truck to train mode
shift, revenue neutral tax incentives, and new forest planting. State
actions plans have not incorporated agricultural carbon capture to
date, but future plans could make agricultural carbon capture an
additional strategy. To learn more about individual state action
plans go to www.epa.gov.
8.  Questions for further research:
Federal programs invest heavily in scientific research for agriculture. Such research should
focus on critical questions related to farming and soil carbon. Two urgent questions include:
1. Given the variability of soil and climate throughout the United States and within each 
individual state, is it possible to determine which conservation practices capture the greatest
levels of carbon? What considerations play a role in determining best management practices
on a regional basis?  
2. Concerns surrounding practices that capture and store carbon in the soil include verifying
that the practices are being implemented properly and that the practices are permanent. What
are the best mechanisms for monitoring farm practices on the land? 
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Monitoring for pests is an 
integral part of an pest 
management plan, which 
limits the amount of passes
through a field and soil 
disturbing activities. 
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